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(54) ANALYSIS APPARATUS

(57) Provided is an analysis apparatus capable of
analyzing a deflagrative specimen with accuracy. The
analysis apparatus includes: a vessel for containing a
specimen; a heating furnace to be loaded with the vessel;
and an analyzer that analyzes analysis target gas pro-
duced from the specimen heated and combusted in the
heating furnace. In addition, the analysis apparatus fur-
ther includes: a combustion supporting gas supply flow
path for supplying combustion supporting gas used for
the combustion of the specimen to the heating furnace;
and a combustion control mechanism adapted to regu-
late the flow rate of the combustion supporting gas to be
supplied to the heating furnace from the combustion sup-
porting gas supply flow path and control the combustion
of the specimen.
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Description

Technical Field

[0001] The present invention relates to an analysis ap-
paratus such as an elemental analysis apparatus that
analyzes elements such as carbon (C) and sulfur (S) con-
tained in a specimen such as steel, nonferrous metal, or
ceramic.

Background Art

[0002] As disclosed in, for example, Patent Literature
1, this sort of analysis apparatus is adapted to load a
specimen into a heating furnace to heat it, as well as to
supply combustion supporting gas necessary for com-
bustion, such as O2, to the heating furnace to combust
the specimen, and analyze analysis target gas resulting
from the combustion by an analyzer such as NDIR.
[0003] However, in the case of a deflagrative speci-
men, problems may occur, such as ones that immediately
after starting combustion, the specimen is exploded and
scattered in the heating furnace and for example, part of
it is attached to a lower temperature part of the heating
furnace and fails to be sufficiently combusted, causing a
measurement error, and that a remaining specimen piece
adversely affects the measurement of next another spec-
imen. In addition, since the specimen is suddenly in-
tensely combusted, the amount of analysis target gas
introduced into the analyzer suddenly varies in a short
period time, and therefore the response of the analyzer
cannot sufficiently follow it, causing the problem of an
increase in measurement error.

Citation List

Patent Literatures

[0004] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 61-274259

Summary of Invention

Technical Problem

[0005] Therefore, the present invention has been
made in order to solve such problems, and a main in-
tended object thereof is to provide an analysis apparatus
capable of analyzing a deflagrative specimen with accu-
racy.

Solution to Problem

[0006] That is, the analysis apparatus according to the
present invention is one including: a vessel for containing
a specimen; a heating furnace to be loaded with the ves-
sel; and an analyzer that analyzes analysis target gas
produced from the specimen heated and combusted in

the heating furnace. In addition, the analysis apparatus
further includes: a combustion supporting gas supply flow
path for supplying combustion supporting gas used for
the combustion of the specimen to the heating furnace;
and a combustion control mechanism adapted to regu-
late the flow rate of the combustion supporting gas to be
supplied to the heating furnace from the combustion sup-
porting gas supply flow path and control the combustion
of the specimen.
[0007] Even when the specimen to be loaded into the
heating furnace is a deflagrative one that is explosively
intensely combusted, such as coal, the analysis appara-
tus as described above is capable of suppressing the
combustion by decreasing the flow rate of the combustion
supporting gas and thereby preventing the specimen
from being scattered by explosion, and can therefore
surely combust the specimen, thus making it possible to
contribute to improving measurement accuracy and pre-
venting the occurrence a problem due to a remaining
specimen piece. Also, suppressing the combustion en-
ables a time variation in the amount of the analysis target
gas introduced into the analyzer to be reduced, and there-
fore the response of the analyzer can sufficiently follow
the variation to consequently reduce a measurement er-
ror.
[0008] On the other hand, in the case of a specimen
not having deflagration, the flow rate of the combustion
supporting gas can be regulated to supply the combus-
tion supporting gas as usual, and therefore measurement
time can be prevented from being unnecessarily pro-
longed.
[0009] As one specific embodiment of the combustion
control mechanism, one including: a bypass flow path
branching from the combustion supporting gas supply
flow path; and opening level regulating means adapted
to regulate the opening level of the bypass flow path, and
adapted to regulate the flow rate of the combustion sup-
porting gas to be supplied to the heating furnace by flow-
ing part of the combustion supporting gas flowing through
the combustion supporting gas supply flow path to the
bypass flow path can be cited.
[0010] In the above-described configuration, in order
to make it possible to more finely regulate the flow rate
of the combustion supporting gas to be supplied to the
heating furnace in multiple steps, it is preferable that the
bypass flow path is one including multiple branch bypass
flow paths that are provided in parallel and respectively
have predetermined resistances, and the opening level
regulating means is one including on-off valves respec-
tively provided in the branch bypass flow paths.
[0011] The flow rate of gas to be introduced into the
analyzer is preferably always substantially constant in
terms of ensuring measurement accuracy. For this pur-
pose, it is only necessary that the bypass flow path
branching from the combustion supporting gas supply
flow path is provided in parallel with the heating furnace
and communicatively connects to the analyzer.
[0012] This is because in such a configuration, only by
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making substantially constant the flow rate of the com-
bustion supporting gas to be supplied to the combustion
supporting gas supply flow path as a source, even when
the flow rate of the combustion supporting gas to be sup-
plied to the heating furnace is changed for combustion
control, the change is finally introduced into the analyzer
through the bypass flow path and consequently the flow
rate of the gas flowing through the analyzer is always
substantially constant.
[0013] Meanwhile, usually, when calibrating this sort
of analysis apparatus (more specifically, offset calibra-
tion), the combustion supporting gas is supplied to the
analyzer as zero gas, and the output value of the analyzer
is set to zero. When doing this, the combustion supporting
gas is not heated.
[0014] In addition, it should be appreciated that as the
combustion supporting gas, a gas species not interfering
with the measurement of the analysis target gas by the
analyzer is used. For example, when measuring carbon
(C) and sulfur (S) components in a specimen, analysis
target gas contains CO2 and SO2 that are combusted
materials of the components, and in this case, as the
combustion supporting gas, oxygen (O2) insensitive to
the measurement of CO2 and SO2 is used.
[0015] However, if a slight amount of impurities such
as hydrocarbons (HC) is contained in the combustion
supporting gas, the combustion supporting gas is not
heated at the time of calibration and the contained hy-
drocarbons exist in the combustion supporting gas with-
out change. Accordingly, although the analyzer whose
sensitivity is set for CO2 and SO2 does not detect the
hydrocarbons, the hydrocarbons contained in the com-
bustion supporting gas is heated in the heating furnace
at the time of analysis, and combusted to convert to H2O
and CO2, and the analyzer detects them, causing a
measurement error.
[0016] However, measures like providing a gas purifier
to remove the hydrocarbons in the combustion support-
ing gas through the gas purifier may cause new problems
of limiting analytical sensitivity to the purification accura-
cy of the gas purifier and also increasing the cost and
size of the analyzer due to the introduction of the gas
purifier.
[0017] In order to solve such problems at once, it is
only necessary to supply the combustion gas after heat
treatment to the analyzer at the time of calibration. In
doing so, since the impurities in the combustion support-
ing gas have been combusted at the time of calibration
as well as at the time of analysis, even when the analyzer
is sensitive to the combusted impurities, by setting the
output value of the analyzer at the time of the calibration
to zero, a measurement error due to the combusted im-
purities can be cancelled. In addition, since it is only nec-
essary to add a mechanism adapted to heat the combus-
tion supporting gas, cost and size are not unreasonably
increased.
[0018] Specifically, when the analysis apparatus has
a branch flow path for introducing the combustion sup-

porting gas into the analyzer without the heating furnace
for, for example, calibration or the above-described com-
bustion control, it is only necessary to provide heating
means in the branch flow path.
[0019] Further specific embodiments of the analysis
apparatus is one further including: a shut-off valve that
shuts off the combustion supporting gas introduced to
the heating furnace to wholly introduce the combustion
supporting gas flowing through the combustion support-
ing gas supply flow path to the branch flow path; and
heating means adapted to heat the combustion support-
ing gas flowing through the branch flow path. In addition,
an offset correction value for the analyzer is determined
with use of an output result of the analyzer in a state
where the shut-off valve operates and the combustion
supporting gas is wholly introduced into the analyzer
through the branch flow path.
[0020] Also, in the case of the analysis apparatus not
including a branch flow path, it is only necessary to evac-
uate the heating furnace and then heat the heating fur-
nace, and at the time of calibration, introduce the com-
bustion supporting gas heated in the heating furnace into
the analyzer.
[0021] As a specific embodiment of the heating fur-
nace, one including: a furnace body for containing the
vessel; and an electric resistor for generating heat by
current application to heat the furnace body can be cited.
[0022] Usually, a piping member for introducing the
analysis target gas led out of the heating furnace into the
analyzer is designed to have a certain length so as to
prevent the heat effect of the heating furnace on the an-
alyzer. Also, in order to collect dust discharged from the
heating furnace, a dust filter is provided on the analyzer
side of the piping member.
[0023] However, such a mechanism cannot prevent
the dust from being attached to the piping member, and
therefore it is necessary to clean and replace not only
the dust filter but the piping member.
[0024] In order to solve this problem, it is only neces-
sary that a dust removing mechanism is configured to be
attached continuously with a gas lead-out port for leading
out the analysis target gas to the analyzer, and the piping
member is configured to be attached to the subsequent
stage of the dust removing mechanism.
[0025] In addition, it is further preferable that the dust
removing mechanism is one including a filter for collect-
ing dust, and a casing for holding the filter inside, and
the casing has a horizontal pipe part adapted to circulate
the analysis target gas in a horizontal direction and hold
the filter, and includes a concave part below the filter in
the horizontal pipe part.
[0026] In such a configuration, since the dust removing
mechanism is attached continuous with the gas lead-out
port, i.e., continuous with the heating furnace, the tem-
perature of the dust removing mechanism itself can be
kept high to some extent. For this reason, the attachment
of SO2 as one of measurement targets as a result of
dissolution in moisture condensed in the dust removing
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mechanism, and the like can be prevented, thus making
it possible to suppress a reduction in measurement ac-
curacy due to the attachment. Further, since the casing
is configured to be formed with the concave part below
the dust filter in the horizontal pipe part, dust once col-
lected by the filter and then falling from it can be collected
in the concave part provided below, and therefore dust
can be easily cleaned.
[0027] In addition, a conventional analysis apparatus
includes only one mensurative heating furnace for com-
busting a specimen to produce analysis target gas, and
in order to continuously analyze multiple specimens, it is
necessary to take out a combusted specimen from the
mensurative heating furnace and weigh a new specimen
to load it again into the mensurative heating furnace for
each of the specimens. Further, after loading the new
specimen, it takes time to combust it and produce anal-
ysis target gas, which is very inefficient.
[0028] In order to solve such a problem, the analysis
apparatus according to the present invention may in-
clude: multiple heating furnaces; and a heating furnace
selecting mechanism adapted to selectively communica-
tively connect any of the heating furnaces to the analyzer.
[0029] Since such a configuration includes the multiple
heating furnaces each capable of combusting a speci-
men and producing analysis target gas, during the com-
bustion of a specimen in one heating furnace and the
subsequent analysis of analysis target gas by the ana-
lyzer, a specimen can be combusted in another heating
furnace to prepare analysis target gas to be analyzed
next. Then, the heating furnace selecting mechanism
communicatively connects the heating furnace in which
the analysis target gas is prepared to the analyzer, and
thereby the analysis of the next analysis target gas can
be promptly started. In doing so, it is possible to eliminate
the time and effort required to take out an analyzed spec-
imen from a mensurative heating furnace and to weigh
a new specimen to load it into the mensurative heating
furnace, and the time required to, after loading the new
specimen, combust it and produce analysis target gas,
and therefore multiple specimens can be continuously
analyzed with efficiency.
[0030] As specific embodiments of the heating furnace
selecting mechanism of the analysis apparatus of the
present invention include one including: a plurality of gas
lead-out flow paths whose start points communicates
with the respective heating furnaces and whose end
points communicates with the analyzer; and on-off valves
for opening/closing the respective gas lead-out flow
paths.
[0031] Preferably, a specific embodiment of the anal-
ysis apparatus of the present invention is one making the
plurality of heating furnaces loaded with vessels contain-
ing specimens simultaneously perform heating operation
and making the heating furnace selecting mechanism
communicate only one of the furnaces with the analyzer.
[0032] In the analysis apparatus of the present inven-
tion, it is preferable that on upper stream sides than the

on-off valves in the gas lead-out flow paths, opena-
ble/closable gas discharge flow paths for discharging gas
flowing through the gas lead-out flow paths are connect-
ed.
[0033] In such a configuration, for example, when bak-
ing or the like of a vessel is performed in a heating furnace
not communicating with the analyzer, produced gas can
be discharged without retention in the heating furnace.
For this reason, when a specimen is combusted for anal-
ysis using the heating furnace after the baking, a meas-
urement error caused by the gas produced by the baking
can be reduced.
[0034] Also, usually, when measuring free carbon con-
tained in a specimen using this sort of analysis apparatus,
it is necessary to combust the specimen at a low tem-
perature of approximately 800 °C to 900 °C over time
and thereby produce analysis target gas from the spec-
imen. However, in the case of combusting at the low tem-
perature over time as described, the amount of the anal-
ysis target gas introduced into the analyzer per unit time
is small, and therefore the intensity of a signal outputted
from the analyzer is low, causing the problem of deteri-
orating an S/N ratio. In addition, since the analysis is
performed over a long time, even when the offset correc-
tion of the analyzer was made before the analysis, a shift
in zero point from a baseline increases during measure-
ment, causing the problem of deteriorating measurement
accuracy.
[0035] In order to solve such problems, it is only nec-
essary that the internal temperature of the heating fur-
nace is changeable between a predetermined first tem-
perature range and a second temperature range lower
than the first temperature range, and in a state where the
internal temperature of the heating furnace is in the sec-
ond temperature range, an on-off valve in a gas lead-out
flow path of the heating furnace is configured to be
switched from a closed state to an opened state after a
predetermined time has passed since the specimen was
loaded into the heating furnace.
[0036] In such a configuration, by setting the internal
temperature of the heating furnace to the second tem-
perature range, only analysis target gas derived from free
carbon can be produced from a specimen. In addition,
by retaining such analysis target gas in the gas lead-out
flow path for a predetermined time without promptly in-
troducing the analysis target gas into the analyzer, and
then bringing the on-off valve in the gas lead-out flow
path into the opened state, the retained analysis target
gas can be introduced into the analyzer at once. For this
reason, the amount of the analysis target gas introduced
into the analyzer per unit time is increased to increase
the intensity of a signal outputted from the analyzer, and
thereby the S/N ratio can be improved. Further, since
analysis can be performed in a relatively short time after
the on-off valve has been opened, the analysis can be
performed in a stage where the shift in zero point of the
analyzer from the baseline is relatively small, and there-
fore the measurement accuracy of the free carbon can

5 6 



EP 3 438 659 A1

5

5

10

15

20

25

30

35

40

45

50

55

be improved.
[0037] Also, an analysis method of the present inven-
tion is one that in a heating furnace, combusts a specimen
contained in a vessel, and with use of an analyzer, ana-
lyzes analysis target gas resulting from the combustion,
and the analysis method includes: heating combustion
supporting gas used to combust the specimen; introduc-
ing the heated combustion supporting gas into the ana-
lyzer; and determining an offset correction value for the
analyzer with use of an output result of the analyzer in a
state where the heated combustion supporting gas is in-
troduced.
[0038] In such a configuration, since impurities in the
combustion supporting gas have been combusted even
at the time of calibration of the analyzer as well as at the
time of analysis, even when the analyzer is sensitive to
the combusted impurities, by setting the output value of
the analyzer to zero at the time of the calibration, a meas-
urement error due to the combusted impurities can be
cancelled.

Advantageous Effects of Invention

[0039] According to the present invention, even in the
case of a deflagrative specimen, the combustion control
mechanism can control the combustion of the specimen
to prevent the specimen from being scattered by explo-
sion or the like, and therefore the specimen can be surely
combusted, thus making it possible to contribute to im-
proving measurement accuracy and preventing the oc-
currence of a problem due to a remaining specimen
piece.

Brief Description of Drawings

[0040]

FIG. 1 is a diagram schematically illustrating the con-
figuration of an analysis apparatus in the present em-
bodiment;
FIG. 2 is a cross-sectional view schematically illus-
trating the configuration of a heating furnace in the
same embodiment;
FIG. 3 is a cross-sectional view schematically illus-
trating the configuration of a first dust removing
mechanism in the same embodiment;
FIG. 4 is a diagram illustrating examples of an output
result from an analyzer in the same embodiment; and
FIG. 5 is a diagram schematically illustrating the con-
figuration of an analysis apparatus in a variation.

Description of Embodiments

[0041] In the following, one embodiment of the analysis
apparatus according to the present invention will be de-
scribed with reference to the drawings.

<Configuration of analysis apparatus 100>

[0042] An analysis apparatus 100 of the present em-
bodiment is one that heats and combusts a specimen
such as metal, and from the resulting gas, analyzes el-
ements such as carbon (C) and sulfur (S) contained in
the specimen.
[0043] Specifically, as illustrated in FIG. 1, the analysis
apparatus 100 includes: vessels V each for containing a
specimen; a first heating furnace 1a and a second heating
furnace 1b to be loaded with the vessels V; a first dust
removing mechanism 6a and a second dust removing
mechanism 6b respectively provided just after the first
heating furnace 1a and the second heating furnace 1b;
an analyzer 2 that analyzes analysis target gas resulting
from combusting a specimen; a heating furnace selecting
mechanism 3 adapted to selectively communicatively
connect any of the first heating furnace 1a and the second
heating furnace 1b to the analyzer 2; a combustion sup-
porting gas supplying mechanism 4 adapted to supply
combustion supporting gas into the first heating furnace
1a and the second heating furnace 1b; and a control part
5 that controls the first heating furnace 1a, the second
heating furnace 1b, the heating furnace selecting mech-
anism 3, and the combustion supporting gas supplying
mechanism 4.
[0044] The respective parts will be described below.
Note that in the description below, among the compo-
nents illustrated in the drawings, multiple components
having symbols whose numerals are the same but al-
phabets are different mean having the same configura-
tions (e.g., the first heating furnace 1a and the second
heating furnace 1b have the same configuration), and
therefore description thereof may be omitted.
[0045] A vessel V is one that can contain a specimen
inside, and placed in the first heating furnace 1a or the
second heating furnace 1b. Specifically, the vessel V is
a porcelain combustion boat.
[0046] The first heating furnace 1a and the second
heating furnace 1b are ones that inside them, bake the
vessels V not containing the specimens or heat the ves-
sels V containing the specimens to combust them.
[0047] As illustrated in FIG. 1, the first heating furnace
1a and the second heating furnace 1b respectively in-
clude: furnace bodies 12a and 12b for containing the ves-
sels V; and electric resistors 14a and 14b, and are pro-
vided with a current control circuit 17 adapted to apply
current to the electric resistors 14a and 14b.
[0048] The detailed configuration of the first heating
furnace 1a will be described here using FIG. 2. Note that
although only the configuration of the first heating furnace
1a is illustrated as a representative example here, the
second heating furnace 1b also has the same configu-
ration.
[0049] The furnace body 12a is a ceramic molding of
a circular pipe shape, and can contain the vessel V inside.
One end part of the furnace body 12a is provided with a
cap 15a, and by removing the cap 15a, the vessel V can
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be moved into or out of the furnace body 12a. The other
end part of the furnace body 12a is provided with a gas
lead-out port 13a for leading out the analysis target gas
produced from the specimen to the analyzer 2.
[0050] Around the furnace body 12a, the electric resis-
tor 14a is provided. The electric resistor 14a is one for
generating heat by current application to heat the furnace
body 12a.
[0051] As illustrated in FIG. 2, the first dust removing
mechanism 6a is attached to the gas lead-out port 13a
of the first heating furnace 1a, continuous with the gas
lead-out port 13a.
[0052] The first dust removing mechanism 6a is one
for removing dust and the like contained in the analysis
target gas. Specifically, as illustrated in FIG. 3, the first
dust removing mechanism 6a includes: a first member
61a adapted to collect dust; and a second member 62a
adapted to contain dust that cannot be collected by the
first member 61a and falls.
[0053] FIG. 3 illustrates a state where the first dust re-
moving mechanism 6a is decomposed and separated
into the first member 61a and the second member 62a.
As illustrated, the first member 61a is configured to be
attachable and detachable with respect to the second
member 62a. The respective members will be described.
[0054] The first member 61a is one including: a filter
612a for collecting dust; and a flange 614a that holds the
filter 612 a, as well as forms a flow path for the analysis
target gas. The filter 612a in the present embodiment is
a mesh-like sintered metal filter made of stainless steel,
and a substantially cylindrical one having an axis in the
horizontal direction. The flange 614a mainly includes a
disc-like member coaxial with the filter 612a and a pipe
member protruding from the disc-like member toward the
analyzer 2 side.
[0055] The second member 62a includes: a first hori-
zontal pipe part 622a connecting to the gas lead-out port
13a; and a second horizontal pipe part 623a adapted to
circulate the analysis target gas in the horizontal direction
and hold and contain the filter 612a inside. The first hor-
izontal pipe part 622a and the second horizontal pipe
part 623a are both substantially cylindrical ones having
axes in the horizontal direction. The first horizontal pipe
part 622a and the second horizontal pipe part 623a are
provided continuous with each other in a direction in
which the analysis target gas flows, and function as a
casing of the first dust removing mechanism 6a. In the
end part 626a of the second horizontal pipe part 623a on
the analyzer 2 side, an opening is formed, and the filter
612a of the first member 61a is adapted to be fitted into
the opening.
[0056] Below the filter 612a in the second horizontal
part 623a, the inner wall of the second horizontal pipe
part 623a forms a concave part 624a. For this reason,
dust once collected by the filter 612a and then falling from
it can be collected in the concave part 624a, and therefore
dust can be easily cleaned.
[0057] In addition, the first horizontal pipe part 622a

and the second horizontal pipe part 623 a are formed
coaxial with each other, and the second horizontal pipe
part 623a is configured to be larger in inside diameter
than the first horizontal pipe part 622a. In doing so, the
connection part between the first horizontal pipe part
622a and the second horizontal pipe part 623a is formed
with a level difference 625a, and the level difference 625a
forms a side wall of the concave part 624a. As a result,
dust once collected by the filter 612a and then falling from
it is more easily collected, and therefore dust can be more
easily cleaned.
[0058] The end part 626a of the second horizontal pipe
part 623a on the analyzer 2 side is formed in a tapered
shape so that an opening formed by the inner surface
thereof gradually decreases in size toward the analyzer
2 side. Accordingly, when detaching the first member 61a
from the second member 62a to clean the inside of the
second member 62a, dust is unlikely to be caught by the
inner wall of the second horizontal pipe part 623a, and
therefore dust can be easily discharged.
[0059] Also, since the first member 61a is one attach-
able and detachable with respect to the second member
62a as described above, by detaching the respective
members from each other, the inner surfaces of both the
members can be easily cleaned.
[0060] The gas analyzer 2 is one that analyzes the
analysis target gas produced in the first or second heating
furnace 1a or 1b to obtain the contents of respective com-
ponents contained in the specimen. In the present em-
bodiment, the gas analyzer 2 is one adapted to perform
the analysis using a nondispersive infrared absorption
method (NDIR method). Specifically, the gas analyzer 2
has an unillustrated nondispersive infrared detector, and
obtains the contents of carbon (C), sulfur (S), and the
like contained in the specimen by detecting CO2, CO,
SO2, and the like contained in the gas led out of the heat-
ing furnace 1a or 1b. In the present embodiment, the gas
analyzer 2 makes an offset correction using reference
gas such as oxygen, and then detects the analysis target
gas introduced from a gas introduction port 21 to measure
signal intensity with time.
[0061] The heating furnace selecting mechanism 3 is
one adapted to selectively communicatively connect any
of the first heating furnace 1a and the second heating
furnace 1b to the analyzer 2. Specifically, the heating
furnace selecting mechanism 3 includes: a first gas lead-
out flow path 31a; a second gas lead-out flow path 31b;
an on-off valve 32a for opening/closing the first gas lead-
out flow path 31a; an on-off valve 32b for opening/closing
the second gas lead-out flow path 31b; and an analysis
target gas introduction flow path 33.
[0062] The first gas lead-out flow path 31a is one for
leading out the analysis target gas from the first heating
furnace 1a. The start point of the first gas lead-out flow
path 31a is configured to be connected to the flange 614a
of the first dust removing mechanism 6a and thereby
communicatively connect to the furnace body 12a of the
first heating furnace 1a. Also, the end point of the first
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gas lead-out flow path 31a is configured to be connected
to the on-off valve 32a and thereby communicatively con-
nect to the gas introduction port 21 of the analyzer 2 via
the on-off valve 32a. The second gas lead-out flow path
31b is also configured in the same manner.
[0063] The analysis target gas introduction flow path
33 is one for introducing the analysis target gas led out
of the first heating furnace 1a or the second heating fur-
nace 1b to the analyzer 2. The start point of the analysis
target gas introduction flow path 33 is configured to be
connected to the on-off valves 32a and 32b and thereby
communicatively connect to the first heating furnace 1a
and the second heating furnace 1b. Also, the end point
of the analysis target gas introduction flow path 33 is
configured to be connected to the gas introduction port
21 of the analyzer 2 and thereby communicatively con-
nect to the analyzer 2.
[0064] From the first gas lead-out flow path 31a, a first
gas discharge flow path 35a for discharging gas flowing
through the first gas lead-out flow path 31a branches. In
the first gas discharge flow path 35a, an on-off valve 34a
is provided, and by bringing the on-off valve 34a into the
opened state, the gas in the first heating furnace 1a and
the first gas lead-out flow path 31a can be discharged.
A second gas discharge flow path 35b is also configured
in the same manner.
[0065] The combustion supporting gas supplying
mechanism 4 is one adapted to supply the combustion
supporting gas into the first heating furnace 1a and into
the second heating furnace 1b. In the present embodi-
ment, oxygen is used as the combustion supporting gas.
The combustion supporting gas supplying mechanism 4
is specifically one including a combustion supporting gas
supply source 41 and a combustion supporting gas sup-
ply flow path 42.
[0066] The combustion supporting gas supply source
41 is one for sending the combustion supporting gas to
the combustion supporting gas supply flow path 42, and
specifically one including an oxygen cylinder, a regulator
attached to the oxygen cylinder, and the like. The com-
bustion supporting gas supply source 41 is configured to
be capable of keeping the inside of the combustion sup-
porting gas supply flow path 42 at a constant pressure
equal to or more than atmospheric pressure.
[0067] The combustion supporting gas supply glow
path 42 is one for supplying the combustion supporting
gas led out of the combustion supporting gas supply
source 41 into the first heating furnace 1a and the second
heating furnace 1b. The start point of the combustion
supporting gas supply flow path 42 is configured to com-
municatively connect to the combustion supporting gas
supply source 41, and the end point of the combustion
supporting gas supply flow path 42 is configured to be
connected to the furnace bodies 12a and 12b of the first
and second heating furnaces 1a and 1b and thereby com-
municatively connect into the furnace bodies 12a and
12b. The combustion supporting gas supply flow path 42
is one including: a first combustion supporting gas intro-

duction flow path 43a that branches at a branch point P
and is for introducing the combustion supporting gas to
the first heating furnace 1a; and a second combustion
supporting gas introduction flow path 43b for introducing
the combustion supporting gas to the second heating fur-
nace 1b (i.e., the combustion supporting gas introduction
flow paths 43a and 43b are parts of the combustion sup-
porting gas supply flow path 42).
[0068] The first combustion supporting gas introduc-
tion flow path 43a is one for supplying the combustion
supporting gas to the first heating furnace 1a. The start
point of the first combustion supporting gas introduction
flow path 43a is connected to the branch point P to there-
by communicatively connect to the combustion support-
ing gas supply source 41 via the combustion supporting
gas supply flow path 42, and the end point is connected
to and communicatively connects to the furnace body
12a of the first heating furnace 1a. In the first combustion
supporting gas introduction flow path 43, an on-off valve
44a for opening/closing the first combustion supporting
gas introduction flow path 43a is provided. The second
combustion supporting gas introduction flow path 43b is
also configured in the same manner.
[0069] Further, in this embodiment, a combustion con-
trol mechanism 7a or 7b adapted to control combustion
of the specimen by regulating the flow rate of the com-
bustion supporting gas to be supplied from the combus-
tion supporting gas introduction flow path 43a or 43b to
the heating furnace 1a or 1b is provided for each of the
heating furnaces.
[0070] The combustion control mechanism 7a in-
cludes: a bypass flow path 71a that branches from the
first combustion supporting gas introduction flow path
43a and communicatively connects to the analyzer 2;
and opening level regulating means adapted to regulate
the opening level of the bypass flow path 71a.
[0071] The bypass flow path 71a is here configured to
connect to the first gas lead-out flow path 31a at the end
point thereof and thereby communicatively connect to
the gas introduction port 21 of the analyzer 2 via the first
gas lead-out flow path 31a and the analysis target gas
introduction flow path 33.
[0072] The opening level regulating means is here a
flow rate regulation valve 72a, and the opening level
thereof can be continuously regulated by a signal from
the control part 5.
[0073] The combustion control mechanism 7 also in-
cludes heating means 73a configured to be capable of
heating the combustion supporting gas flowing through
the bypass flow path 71a to the same temperature range
as that of the heating furnace 1a. The heating means 73a
is here one having a heater and the like attached around
the bypass flow path 71a.
[0074] The combustion control mechanism 7b is also
configured in the same manner as the combustion control
mechanism 7a.
[0075] Still further, in this embodiment, one combus-
tion supporting gas heating mechanism 8 adapted to heat

11 12 



EP 3 438 659 A1

8

5

10

15

20

25

30

35

40

45

50

55

the combustion supporting gas supplied from the com-
bustion supporting gas supply source 41 is provided for
the multiple heating furnaces 1a and 1b.
[0076] The combustion supporting gas heating mech-
anism 8 includes: a branch flow path 81 that branches
from the combustion supporting gas supply flow path 42
and communicatively connects to the analyzer 2; and
heating means 82 configured to be capable of heating
the combustion supporting gas flowing through the
branch flow path 81 to the same temperature range as
that of the heating furnaces.
[0077] The branch flow path 81 is here configured to
be connected to the upper stream side than the branch
point P in the combustion supporting gas supply flow path
42 at the start point thereof, and thereby communicatively
connect to the combustion supporting gas supply source
41 via the combustion supporting gas supply flow path
42. Also, the branch flow path 81 is configured to be con-
nected to the analysis target gas introduction flow path
33 at the end point thereof and thereby communicatively
connect to the gas introduction port 21 of the analyzer 2
via the analysis target gas introduction flow path 33.
[0078] The heating means 82 is here configured to
have a heater and the like attached around the branch
flow path 81.
[0079] The control part 5 is one that controls open-
ing/closing of the on-off valves 32a, 32b, 34a, 34b, 44a,
44b, 72a, and 72b, and of control valves 83a and 83b to
change flow paths for the combustion supporting gas
and/or the analysis target gas, and controls the current
control circuit 17 to regulate the current to be applied to
the electric resistors. Structurally, the control part 5 is a
so-called computer circuit including a CPU, an internal
memory, an I/O buffer circuit, an A/D converter, and the
like. In addition, the CPU and its peripheral devices co-
operate in accordance with a control program stored in
a predetermined area of the internal memory to thereby
fulfill functions as the control part 5.
[0080] Next, an example of a method for analyzing a
specimen using the analysis apparatus 100 of the
present embodiment will be described in detail. As will
be described below, when analyzing a specimen using
the analysis apparatus 100 of the present embodiment,
the specimen is combusted in the first heating furnace
1a (or the second heating furnace 1b), then the resulting
analysis target gas is retained for a predetermined time,
and the analysis target gas is supplied to the analyzer 2
to perform the analysis. At the same time, while the anal-
ysis using the first heating furnace 1a (or the second heat-
ing furnace 1b) is being performed, a specimen is com-
busted in the second heating furnace 1b (or the first heat-
ing furnace 1a), and the resulting analysis target gas is
retained for a predetermined time to make preparations
so that analysis using the second heating furnace 1b (or
the first heating furnace 1a) can be promptly started.
Then, after the analysis using the first heating furnace
1a (or the second heating furnace 1b) has been finished,
the analyzer 2 is calibrated, and then the analysis target

gas retained in the second heating furnace 1b (or the first
heating furnace 1a) is supplied to the analyzer 2 to per-
form the analysis.
[0081] Specifically, first, an operator operates an unil-
lustrated operation panel attached to the analysis appa-
ratus 100 to perform a heating operation so that the in-
ternal temperatures of the heating furnaces fall within a
first temperature range. The control part 5 having sensed
the operation starts to heat the first heating furnace 1a
and the second heating furnace 1b.
[0082] Then, on a temperature monitor (not illustrated)
that is attached to the analysis apparatus 100 and dis-
plays the internal temperatures of the furnaces, the op-
erator confirms that the internal temperatures of the heat-
ing furnaces 1a and 1b have fallen within the first tem-
perature range from 1300 °C to 1500 °C, and opens the
cap of the heating furnace to load a vessel containing a
specimen into the first heating furnace 1a.
[0083] The operator operates the operation panel to
perform an operation of start heating the specimen in the
first heating furnace 1a. The control part 5 having sensed
the operation brings the on-off valve 44a into the opened
state from the closed state. This allows the combustion
supporting gas to be supplied into the first heating furnace
1a through the first combustion gas introduction flow path
43a, and the specimen is combusted. Analysis target gas
resulting from the combustion is retained in the first heat-
ing furnace 1a and the first gas lead-out flow path 31a.
[0084] Subsequently, after a predetermined setting re-
tention time has passed since the on-off valve 44a was
brought into the opened state, the control part 5 brings
the on-off valve 32a into the opened state from the closed
state. As a result, the analysis target gas retained in the
first heating furnace 1a and the first gas lead-out flow
path 31a is introduced into the analyzer 2 to start analysis.
[0085] Note that the setting retention time may be a
time longer or shorter than the time required to completely
combust the specimen. That is, the analysis target gas
may be introduced into the analyzer 2 after the specimen
has been completely combusted or while the specimen
is being combusted.
[0086] After a predetermined analysis required time
has passed since the on-off valve 32a was brought into
the opened state, the control part 5 brings the on-off
valves 32a and 44a into the closed state from the opened
state. As a result, the supply of the combustion supporting
gas into the first heating furnace 1a is shut off, and the
combustion and analysis of the specimen are finished.
[0087] Note that the predetermined analysis required
time is a time after the on-off valve 32a has been brought
into the opened state, and may be a time (e.g., 60 sec-
onds) specified by the operator in advance. Alternatively,
the predetermined analysis required time may be a time
after the on-off valve 32a has been brought into the
opened state, and the time necessary for the intensity of
a signal outputted by the analyzer 2 to reduce to a pre-
determined percentage or less (e.g., 1/100 or less) of
peak intensity.
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[0088] In this manner, the specimen is combusted in
the first heating furnace 1a and the analysis target gas
is analyzed, and during the combustion and analysis,
preparation operation for analyzing the next specimen
can be performed in the second heating furnace 1b. Spe-
cifically, operations of loading a vessel containing the
specimen into the second heating furnace 1b and starting
to combust the specimen in the second heating furnace
1b are performed. The control part 5 having sensed the
operations brings the on-off valve 44b into the opened
state from the closed state. This allows the combustion
supporting gas to be supplied into the second heating
furnace 1b through the second combustion supporting
gas introduction flow path 43b, and the specimen is com-
busted. Analysis target gas resulting from the combustion
is retained in the second heating furnace 1b and the sec-
ond gas lead-out flow path 31b. After the analysis using
the first heating furnace 1a has been finished and the on-
off valve 32a has been brought into the closed state from
the opened state, an operation of performing the analysis
using the second heating furnace 1b is performed. The
control part 5 having sensed the operation brings the on-
off valve 32b into the opened state from the closed state,
and the analysis target gas retained in the second heating
furnace 1b is supplied to the analyzer 2 to start the anal-
ysis.
[0089] After that, as described above, preparation op-
eration for analyzing the next specimen can be performed
in the first heating furnace 1a.
[0090] That is, in the analysis apparatus 100 of the
present embodiment, while using one heating furnace 1a
(or 1b) to analyze a specimen, a specimen can be com-
busted in the other heating furnace 1b (or 1a) to make
preparations for analysis.
[0091] Next, the calibration operation of the analyzer
2 of the present analysis apparatus 100 will be described.
[0092] In this embodiment, just before the analysis us-
ing each of the above-described heating furnaces 1a and
1b, the calibration of the analyzer 2 is inevitably automat-
ically performed. For the calibration, the branch flow path
81 is used.
[0093] A detailed description will be given below. Just
before analysis target gas is flowed to the analyzer 2, the
on-off valves 44a and 44b for introducing the combustion
supporting gas to the respective heating furnaces 1a and
1b are closed (accordingly, the on-off valves 44a and 44b
for introducing the combustion supporting gas function
as shut-off valves in claims), and an on-off valve 83 is
opened, so that the whole of the combustion supporting
gas flows through the branch flow path 81 and is in a
state of being introduced into the analyzer 2. In addition,
at this time, the heating means 82 also operates, and the
combustion supporting gas is heated to the first temper-
ature range when passing through the heating means 82.
[0094] As described above, with only the combustion
supporting gas once heated introduced into the analyzer
2, the analyzer 2 is subjected to the calibration operation,
more specifically, zero point calibration.

[0095] The above is the calibration operation.
[0096] Next, the operation of the analysis apparatus
100 when the specimen is deflagrative will be described.
Note that the description of the operation is based on the
assumption that one heating furnace 1a (or 1b) contain-
ing the specimen is in an operating state; the supply of
the combustion supporting gas to the other heating fur-
nace 1b (or 1a) used for baking is in a stopped state; and
the supply of the combustion supporting gas to the branch
flow path 81 is in a stopped state. That is, it is assumed
that the on-off valve 44b (or 44a) for introducing the com-
bustion supporting gas and the on-off valve 83 are in the
stopped state.
[0097] In the case of the deflagrative specimen, an op-
erator operates the operation panel to set a flow rate so
as to reduce the flow rate of the combustion supporting
gas to be introduced into the heating furnace 1a (or 1b)
containing the specimen as compared with a normal
specimen case. The control part 5 senses this to control
the flow rate regulation valve 72a (or 72b). The combus-
tion supporting gas flows divided into the heating furnace
1a (or 1b) and the bypass flow path 71a (or 71b), and
therefore by operating the flow rate regulation valve 72a
(or 72b) in an opening direction to increase the flow rate
of the combustion supporting gas flowing through the by-
pass flow path 71a (orb71b), the flow rate of the com-
bustion supporting gas supplied to the heating furnace
1a (or 1b) is decreased.
[0098] As described above, after setting the flow rate
regulation valve 72a (or 72b), the on-off valve 44a (or
44b) for introducing the combustion supporting gas into
the heating furnace 1a (or 1b) used for analysis is
opened, and consequently, the combustion supporting
gas flows to the heating furnace 1a (or 1b) to start com-
busting the specimen.
[0099] That is, the combustion of the specimen is sup-
pressed by the reduction in flow rate of the combustion
supporting gas, and therefore even in the case of the
deflagrative specimen, neither suddenly combustion nor
consequent explosion occurs.
[0100] Subsequently, as described above, after the
predetermined setting retention time has passed, the on-
off valve 32a (or 32b) for leading out the combustion sup-
porting gas from the heating furnace 1a (or 1b) is opened,
and the analysis target gas is introduced into the analyzer
2 and analyzed.
[0101] Note that since the combustion supporting gas
also functions as carrier gas for sending the analysis tar-
get gas from the heating furnace 1a (or 1b) to the analyzer
2, after the setting retention time has passed, the control
part 5 controls the flow rate regulation valve 72a (72b)
to increase the flow rate of the combustion supporting
gas to the heating furnace 1a (or 1b), and thereby the
transfer time of the analysis target gas to the analyzer 2
is shortened.
[0102] In addition, in this case, the heating means 73a
(or 73b) is adapted to heat the combustion supporting
gas flowing through the bypass flow path 71a (or 71b) to
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the same temperature range as that of the heating fur-
nace 1a (or 1b), and combust impurities such as HC in
the combustion supporting gas flowing through the by-
pass flow path 71a (or 71b) as in the heating furnace 1a
(or 1b). In doing so, a measurement error is prevented
from occurring in the analyzer 2 having been subjected
to the zero point calibration in the above-described man-
ner.
[0103] Even when a specimen to be loaded into a heat-
ing furnace is deflagrative, the analysis apparatus 100
according to the present embodiment configured as de-
scribed above can prevent the specimen from being scat-
tered due to explosion by decreasing the flow rate of the
combustion supporting gas to suppress combustion, and
therefore surely combust the specimen, thus making it
possible to contribute to improving measurement accu-
racy and preventing the occurrence of a problem due to
a remaining specimen piece. In addition, suppressing the
combustion enables a time variation in the amount of the
analysis target gas introduced into the analyzer to be
reduced, and therefore the response of the analyzer can
sufficiently follow the variation to consequently reduce a
measurement error.
[0104] On the other hand, in the case of a specimen
not having deflagration, the flow rate of the combustion
supporting gas can be regulated to supply the combus-
tion supporting gas as usual, and therefore measurement
time can be prevented from being unnecessarily pro-
longed.
[0105] Further, since when calibrating the analyzer 2,
the heated combustion supporting gas is supplied to the
analyzer 2, impurities in the combustion supporting gas
have been combusted even at the time of calibration as
well as at the time of analysis, and therefore even when
the analyzer 2 is sensitive to combusted impurities, by
setting the output value of the analyzer 2 at the time of
calibration to zero, a measurement error due to the com-
busted impurities can be cancelled. In addition, it is only
necessary to add a mechanism adapted to heat the com-
bustion supporting gas, and therefore neither cost nor
size is significantly increased.
[0106] Further, according to this embodiment, the fol-
lowing effects can also be obtained.
[0107] Since the analysis apparatus 100 includes the
two heating furnaces each capable of combusting a spec-
imen to produce analysis target gas, i.e., the first heating
furnace 1a and the second heating furnace 1b, during
the combustion of a specimen in one heating furnace 1a
(or 1b) and the subsequent analysis of analysis target
gas, a specimen can be combusted in the other heating
furnace 1b (or 1a) to prepare analysis target gas to be
analyzed next. Then, the heating furnace selecting mech-
anism 3 communicatively connects the heating furnace
1b (or 1a) in which the analysis target gas is prepared to
the analyzer 2, and thereby the analysis of the next anal-
ysis target gas can be promptly started. In doing so, it is
possible to eliminate the time and effort required to take
out an analyzed specimen from a mensurative heating

furnace and to weigh a new specimen to load it to the
mensurative heating furnace, and the time required to,
after loading the new specimen, combust it to produce
analysis target gas, and therefore multiple specimens
can be continuously analyzed with efficiency.
[0108] Also, since the analysis apparatus 100 accord-
ing to the present embodiment is such that on the upper
stream sides than the on-off valves 32a and 32b in the
gas lead-out flow paths 31a and 31b, the openable/clos-
able gas discharge flow paths 35a and 35b for discharg-
ing gas flowing through the gas lead-out flow paths 31a
and 31b are connected, gas produced in a heating fur-
nace not communicatively connecting to the analyzer 2
when, for example, baking a vessel can be discharged
without retention in the heating furnace. For this reason,
when combusting a specimen using the heating furnace
to perform analysis after the baking, a measurement error
caused by the gas produced by the baking can be re-
duced.
[0109] Further, since the analysis apparatus 100 of the
present embodiment is such that the dust removing
mechanisms 6a and 6b are attached continuous with the
gas lead-out ports 13a and 13b of the heating furnaces
1a and 1b, the temperatures of the dust removing mech-
anisms 6a and 6b themselves can be kept high to some
extent. For this reason, it is possible to suppress the oc-
currence of the problem of changing an SO2 amount in
analysis target gas to reduce measurement accuracy as
a result of dissolution of SO2 as one of measurement
targets in moisture condensed in a dust removing mech-
anism 6a or 6b.

<Other embodiments>

[0110] Note that the present invention is not limited to
the above-described embodiment.
[0111] The above-described analysis method using
the analysis apparatus 100 is one adapted to start com-
busting a specimen with both of the on-off valves 32 re-
maining in the closed state, and bring a relevant on-off
valve 32 into the opened state to introduce analysis target
gas into the analyzer 2, but not limited to this. The analysis
method may be configured to start combusting a speci-
men with the on-off valves 32 remaining in the opened
state and promptly introduce analysis target gas into the
analyzer 2.
[0112] Also, the above-described analysis method us-
ing the analysis apparatus 100 is one adapted to be ca-
pable of, while analyzing a specimen using one heating
furnace 1a (or 1b), combusting a specimen in the other
heating furnace 1b (or 1a) and retaining the resulting
analysis target gas to prepare analysis, but not limited to
this. In another embodiment, while a specimen is being
analyzed using one heating furnace 1a (or 1b), baking
for containing a specimen may be performed in the other
heating furnace 1b (or 1a).
[0113] Specifically, while analysis is being performed
using the first heating furnace 1a, an operator operates
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the operation panel with an empty vessel V placed in the
second heating furnace 1b and performs an operation of
starting baking in the second heating furnace 1b. The
control part 5 having sensed this brings the on-off valves
34b and 44b into the opened state from the closed state.
In doing so, the combustion supporting gas is supplied
into the second heating furnace 1b through the second
combustion supporting gas introduction flow path 43b to
bake the vessel V, as well as to produce gas derived from
impurities attached on the vessel. The gas is discharged
through the second lead-out flow path 31b and the sec-
ond gas discharge flow path 35b.
[0114] The analysis method using the analysis appa-
ratus 100 of the above-described embodiment is one
adapted to combust a specimen with the internal tem-
perature of a heating furnace 1a or 1b in the first temper-
ature range from 1300 °C to 1500 °C and analyze the
specimen, but, not limited to this.
[0115] An analysis apparatus 100 of another embodi-
ment may be one adapted to analyze a specimen with
the internal temperature of a heating furnace 1a or 1b in
a predetermined second temperature range, for exam-
ple, from 800 °C to 900 °C, which is lower than the first
temperature range.
[0116] By using a heating furnace 1a or 1b with the
internal temperature of the heating furnace 1a or 1b in
such a second temperature range, only analysis target
gas derived from free carbon contained in a specimen
can be measured by the analyzer 2.
[0117] Also, in an analysis apparatus 100 of another
embodiment, the furnace body 12a of the first heating
furnace 1a may be a silica tube and the furnace body
12b of the second heating furnace 1b may be a ceramic
molding tube.
[0118] The analysis apparatus 100 of this embodiment
may be adapted to analyze as a first analysis step free
carbon in a specimen with the internal temperature of the
first heating furnace 1a in the second temperature range,
and then, after the first analysis is complete, analyze as
a second analysis step carbon other than free carbon in
the specimen in the second heating furnace 1b in the first
temperature range. Total carbon in the specimen may
be analyzed by using the analyzing results in the first
heating furnace 1a and in the second heating furnace 1b.
[0119] In such a configuration, since the furnace body
12a is a silica tube, adsorption of free carbon to the fur-
nace body 12a can be efficiently prevented, and precision
of analysis for free carbon can be improved.
[0120] Further, since the furnace bodies 12a and 12b
are used in a proper temperature range for their material,
cracking of the furnace bodies 12a and 12b can be pre-
vented.
[0121] When analyzing free carbon with the internal
temperature of a heating furnace in the second temper-
ature range, the time required to combust a specimen
and to retain analysis target gas in a gas lead-out flow
path 31 is made longer than the time required to retain
analysis target gas from a normal specimen. In doing so,

the amount of analysis target gas led out to the analyzer
2 per unit time can be increased to improve an S/N ratio.
As a result, free carbon can be accurately analyzed.
[0122] When measuring free carbon in such a config-
uration, in terms of analysis efficiency, it is preferable to
switch on-off valves from the closed state to the opened
state within 10 minutes after starting to combust a spec-
imen.
[0123] FIG. 4 illustrates examples of a variation in sig-
nal intensity with respect to time obtained when a spec-
imen was combusted with the internal temperature of a
heating furnace in the second temperature range and
analysis target gas derived from free carbon was ana-
lyzed.
[0124] FIG. 4(a) illustrates an output result obtained
by leading out produced analysis target gas to the ana-
lyzer 2 without retaining upstream of an on-off valve 32.
On the other hand, FIG. 4(b) illustrates an output result
obtained by, without promptly leading out the produced
analysis target gas to the analyzer 2, retaining the anal-
ysis target gas upstream of the on-off valve 32, and after
approximately 300 seconds since the start of combus-
tion, bringing the on-off valve 32 into the opened state to
lead out the analysis target gas to the analyzer 2. When
comparing FIGS. 4(a) and 4(b), it turns out that by retain-
ing the produced analysis target gas without promptly
leading out it to the analyzer 2, the resulting signal inten-
sity is increased, and the S/N ratio is improved to improve
the accuracy of measuring free carbon.
[0125] In the above-described embodiment, each of
the dust removing mechanisms is configured such that
the first horizontal pipe part and the second horizontal
pipe part are coaxial, and the inside diameter of the sec-
ond horizontal pipe part is larger than the inside diameter
of the first horizontal pipe part, but is not limited to this.
As long as the concave part can be formed below each
of the filters 62, the second horizontal pipe part may be
of another shape. The second horizontal pipe part may
be, for example, formed with a concave part 19 only on
the lower side of the filter 62, and connected to and flush
with the first horizontal pipe part in the other part.
[0126] The analysis apparatus 100 of the above-de-
scribed embodiment is one including the two heating fur-
naces, i.e., the first heating furnace 1a and the second
heating furnace 1b, but may be one including more fur-
naces. Even in such a case, the above-described effects
can be obtained by including a selecting mechanism 3
adapted to selectively communicatively connect each of
the heating furnaces to the analyzer 2.
[0127] Also, an analysis apparatus 100 of another em-
bodiment may be one having only one heating furnace.
In this case, the analysis apparatus 100 may be config-
ured to provide one flow path with the functions as the
combustion control mechanism 7 and the combustion
supporting gas heating mechanism 8.
[0128] Further, an analysis apparatus 100 of another
embodiment may be configured not to include a combus-
tion supporting gas heating mechanism 8 but to include
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a gas purifier and remove hydrocarbons in combustion
supporting gas through the gas purifier. In this case, the
analysis apparatus 100 may be configured not to provide
combustion control mechanisms 7a and 7b with heating
means 73a and 73b, respectively.
[0129] The analysis apparatus 100 of the above-de-
scribed embodiment is one adapted to supply the com-
bustion supporting gas such as oxygen into the heating
furnaces, but not limited to this.
[0130] The analysis apparatus 100 of the above-de-
scribed embodiment is one such that the first heating
furnace 1a and the second heating furnace 1b respec-
tively include: the furnace bodies for containing the ves-
sels; and the electric resistors for generating heat by cur-
rent application to heat the furnace bodies, but not limited
to this. In addition to the configuration adapted to provide
the dust removing mechanisms respectively just after the
gas lead-out ports of the heating furnaces, furnaces of a
type called high frequency heating furnaces may be used
as the heating furnaces.
[0131] In the above-described embodiment, when a
specimen is deflagrative, after a predetermined time has
passed since the specimen started to combust, the flow
rate of the combustion supporting gas to be supplied to
the heating furnace 1a (or 1b) may be increased by op-
erating the flow rate regulation valve 72a (or 72b) in a
closing direction to decrease the flow rate of the com-
bustion supporting gas flowing through the bypass flow
path 71a (or 71b). In doing so, the combustion of the
specimen is facilitated, and consequently the time re-
quired for analysis can be shortened.
[0132] In the above-described embodiment, the heat-
ing means 82 is one adapted to heat the combustion
supporting gas using heat from the heater and the like
attached on the outer circumference of the branch flow
path 81, but not limited to this. In another embodiment,
heating means 82 may be one adapted to heat combus-
tion supporting gas flowing through a branch flow path
81 using heat generated by an electric resistor 14a (or
14b) of a heating furnace 1a (or 1b). Such a configuration
can be achieved by, for example, passing a part of the
branch flow path 81 through the inside of a heat insulating
material that is near the electric resistor 14a (or 14b) and
covers the electric resistor 14a (or 14b). This configura-
tion makes it possible to more reduce cost and size be-
cause it is not necessary to separately provide a heater
for heating the branch flow path 81.
[0133] The heating means 73a and 73b may also be
configured to heat the combustion supporting gas flowing
through the bypass flow paths 71a and 71b using heat
generated by the electric resistors 14a and 14b of the
heating furnaces 1a and 1b, respectively.
[0134] The heating furnace selecting mechanism 3 in
the above-described embodiment is one including the
on-off valves 32a and 32b, which are two way valves for
opening/closing the flow paths, in the first gas lead-out
flow path 31a and in the second gas lead-out flow path
31b, but not limited to this. Another embodiment may be

configured to include three-way valves respectively for
opening/closing a first gas lead-out flow path 31a and a
second gas lead-out flow path 31b.
[0135] Further, as illustrated in FIG. 5, in an analysis
apparatus 100 of another embodiment, a bypass flow
path of a combustion control mechanism 7a may be one
branching into multiple branch bypass flow paths 731a
to 733a that are provided in parallel and respectively have
predetermined resistances. The branch bypass flow
paths 731a to 733a may be formed of resistors having
mutually different resistances, such as capillary tubes
whose diameters and lengths are different.
[0136] In this embodiment, opening level regulating
means is one including on-off valves 741a to 743a re-
spectively provided in the branch bypass flow paths 731a
to 733a. These valves can be opened/closed by signals
from a control part 5. By regulating an opened/closed
state of each of the on-off valves 741a to 743a, the flow
rate of combustion supporting gas to be supplied to a
first heating furnace 1a can be more finely regulated in
multiple steps.
[0137] A combustion control mechanism 7b may be
configured in the same manner.
[0138] In addition, in the above-described embodi-
ment, the end points of the bypass flow paths 71a and
71b are connected to the gas lead-out flow paths 31a
and 31b, respectively, but not limited to this. In another
embodiment, without being connected to gas lead-out
flow paths 31a and 31b, the end point of bypass flow
paths 71a and 71b may be opened to the outside, so that
combustion supporting gas flowing through the bypass
flow paths 71a and 71b is discharged to the outside. Note
that in this case, the flow rate of the gas flowing through
an analyzer 2 is not substantially constant.
[0139] Besides, it should be appreciated that the
present invention is not limited to any of the above-de-
scribed embodiments and various modifications includ-
ing appropriate combinations of parts of the configura-
tions of the respective illustrated embodiments can be
made without departing from the scope thereof.

Reference Signs List

[0140]

100: Analysis apparatus
1: Heating furnace
1a: First heating furnace
1b: Second heating furnace
2: Analyzer
3: Heating furnace selecting mechanism
7: Combustion control mechanism
8: Combustion supporting gas heating mechanism
V: Vessel
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Claims

1. An analysis apparatus comprising: a vessel for con-
taining a specimen; a heating furnace to be loaded
with the vessel; and an analyzer that analyzes anal-
ysis target gas produced from the specimen heated
and combusted in the heating furnace, the analysis
apparatus comprising:

a combustion supporting gas supply flow path
for supplying combustion supporting gas used
for the combustion of the specimen to the heat-
ing furnace; and
a combustion control mechanism adapted to
regulate a flow rate of the combustion supporting
gas to be supplied to the heating furnace from
the combustion supporting gas supply flow path
and control the combustion of the specimen.

2. The analysis apparatus according to claim 1, where-
in
the combustion control mechanism comprises:

a bypass flow path branching from the combus-
tion supporting gas supply flow path; and
opening level regulating means adapted to reg-
ulate an opening level of the bypass flow path,
and
is one adapted to regulate the flow rate of the
combustion supporting gas to be supplied to the
heating furnace by flowing part of the combus-
tion supporting gas flowing through the combus-
tion supporting gas supply flow path to the by-
pass flow path.

3. The analysis apparatus according to claim 2, where-
in
the bypass flow path is one including multiple branch
bypass flow paths that are provided in parallel and
respectively have predetermined resistances, and
the opening level regulating means is one including
on-off valves respectively provided in the branch by-
pass flow paths.

4. The analysis apparatus according to claim 2 or 3,
wherein
the bypass flow path is provided in parallel with the
heating furnace and communicatively connects to
the analyzer.

5. The analysis apparatus according to any of claims
2 to 4, further comprising:
a branch flow path branching from the combustion
supporting gas supply flow path:

a shut-off valve that shuts off the combustion
supporting gas introduced to the heating furnace
to wholly introduce the combustion supporting

gas flowing through the combustion supporting
gas supply flow path to the branch flow path; and
heating means adapted to heat the combustion
supporting gas flowing through the branch flow
path, wherein
an offset correction value for the analyzer is de-
termined with use of an output result of the an-
alyzer in a state where the shut-off valve oper-
ates and the combustion supporting gas is whol-
ly introduced into the analyzer through the
branch flow path.

6. The analysis apparatus according to any of claims
1 to 5, wherein the heating furnace is one including:
a furnace body for containing the vessel; and an elec-
tric resistor for generating heat by current application
to heat the furnace body.

7. The analysis apparatus according to any of claims
1 to 6, wherein
the heating furnace is one having a gas lead-out port
for leading out the analysis target gas to the analyzer,
the analysis apparatus further comprising a dust re-
moving mechanism attached continuous with the
gas lead-out port, wherein
the dust removing mechanism is one including a filter
for collecting dust, and a casing for holding the filter
inside, and
the casing has a horizontal pipe part adapted to cir-
culate the analysis target gas in a horizontal direction
and hold the filter, and includes a concave part below
the filter in the horizontal pipe part.

8. The analysis apparatus according to any of claims
1 to 7, comprising:

multiple heating furnaces; and
a heating furnace selecting mechanism adapted
to selectively communicatively connect any of
the heating furnaces to the analyzer.

9. The analysis apparatus according to claim 8, where-
in
the heating furnace selecting mechanism is one
comprising:

multiple gas lead-out flow paths whose start
points communicatively connect to the respec-
tive heating furnaces and whose end points
communicatively connect to the analyzer; and
on-off valves for opening/closing the respective
gas lead-out flow paths.

10. The analysis apparatus according to claim 8 or 9,
making the multiple heating furnaces loaded with
vessels containing specimens simultaneously per-
form heating operation, and making the heating fur-
nace selecting mechanism communicatively con-
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nect only one of the furnaces to the analyzer.

11. The analysis apparatus according to claim 9, where-
in
on upper stream sides than the on-off valves in the
gas lead-out flow paths, openable/closable gas dis-
charge flow paths for discharging gas flowing
through the gas lead-out flow paths are connected.

12. The analysis apparatus according to any of claims
1 to 11, wherein
internal temperature of the heating furnace is
changeable between a predetermined first temper-
ature range and a second temperature range lower
than the first temperature range, and
in a state where the internal temperature is in the
second temperature range, an on-off valve in a gas
lead-out flow path of the heating furnace is switched
from a closed state to an opened state after a pre-
determined time has passed since the specimen was
loaded into the heating furnace.

13. An analysis method that in a heating furnace, com-
busts a specimen contained in a vessel, and with
use of an analyzer, analyzes analysis target gas re-
sulting from the combustion, the analysis method
comprising:

heating combustion supporting gas used to
combust the specimen;
introducing the heated combustion supporting
gas into the analyzer; and
determining an offset correction value for the an-
alyzer with use of an output result of the analyzer
in a state where the heated combustion support-
ing gas is introduced.
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